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(54) Method of producing microporous thermoplastic resin membrane 

(57) A method of producing a microporous thermo- 
plastic resin membrane of excellent permeability having 
uniform and fine micropores without filling stress con- 
centrators to the thermoplastic resin is provided. 

Namely, there is provided a method of producing a 
microporous thermoplastic resin membrane, in which a 
thermoplastic resin foam incorporating fine cells having 
a ratio B/A between a cell size (A) and a wall thickness 
(B) of the cells of less than 0.5 and having a void ratio of 
not less than 50 % is subjected to plastic deformation 
for the boundaries of the cells themselves to such an 
extent exceeding the shape deformation of the cells, 
thereby breaking the boundaries of the cells. 

Also there is provided a microporous thermoplastic 
resin membrane of excellent permeability having uni- 
form and fine micropores produced by the method as 
desaibed at>ove. 
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1 EP0754 

Descripti n 

The present invention concerns a method of pro- 
ducing a microporous thermoplastic resin membrane 
and. more in particular, it relates to a method of produc- s 
tng a microporous membrane formed by breaking cells 
of a predetermined shape formed in a molded product 
without filling stress concentrators. 

Microporous membranes are widely used in various 
applications such as battery separators, electrolytic 10 
capacitor separators, various filters, moisture-permea- 
ble waterproof clothes, electrolyte thin film, liquid crystal 
thin film, liquid separation membranes, and materials for 
gas separation membranes,and filters for medical pur- 
poses. 15 

Methods of producing the microporous membranes 
include, for example, a mixing/extraction process com- 
prising the steps of mixing a polyolefin with a pore-form- 
ing agent comprising fine powder of different polymers 
and inorganic material into a state of micro-dispersion 20 
and subsequently extracting the pore-forming agent, 
and a stretching process comprising the steps of 
imparting strain such as stretching to a molded polyole- 
fin article containing different solids in a state of micro- 
dispersion, to break the Interfaces between the polyole- 2S 
fin and the different solids, thereby forming pores. How- 
ever, since stress concentrators such as different 
polymers and different solids are filled in the polyolefin 
in these processes, they involve problems in that the fill- 
ers may give undesired effects depending on the use of 30 
the resultant microporous membrane. Furthermore, the 
fillers are dispersed inhomogeneously, resulting in non- 
uniform micropores. 

An object of the present invention is to provide a 
method of producing a microporous thermoplastic resin 35 
membrane with excellent permeability having uniform 
and fine micropores, without filling stress concentrators 
in a thermoplastic resin. 

Another object of the present invention is to provide 
a thermoplastic resin foam for producing a microporous 40 
membrane with excellent permeability having uniform 
and fine micropores and microporous membranes. 

A further object of the present invention is to pro- 
vide a microporous thermoplastic resin membrane hav- 
ing uniform and fine micropores and excellent 45 
permeability formed by the production method as 
described above. 

In order to attain the foregoing objects the present 
inventors have made an earnest study and. as a result, 
have found that a microporous membrane with excellent so 
permeability can be obtained without using stress con- 
centrators, by forming fine cells of a predetermined 
shape in a thermoplastic resin molded product and 
breaking the interfaces of the cells. 

Namely, the present invention provides a method of ss 
producing a microporous thermoplastic resin mem- 
brane in which a thermoplastic resin foam containing 
fine cells having a ratio (B/A) between a cell size (A) and 
a wall thickness (B) of the cells of less than 0.5 and hav- 
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ing a void ratio not less than 50 % is subjected to plastic 
deformation to the boundaries of the cells themselves to 
such an extent as to exceed the shape deformation of 
the cells, thereby breaking the boundaries of the cells. 

. Also, the present invention provides a microporous 
thermoplastic resin membrane with excellent permea- 
bility having uniform and fine micropores, which is 
obtained by subjecting the porous thermoplastic resin 
foam having the specified cell structure as described 
above to plastic deformation of the boundaries of the 
cells themselves to such an extent as to exceed the 
shape deformation of the cells, thereby breaking the 
boundaries of the cells. 

The thermoplastic resin in the present invention 
includes polyolefins such as crystalline homopolymers 
or copolymers formed by polymerizing, for example, 
ethylene, propylene, 1-butene. 4-methylpentene and 1- 
hexene. and a blend of them, vinyl chloride resin, vinyl 
acetate resin, polystyrene, f luororesin. polyamide resin, 
polyacetal resin, polycartx)nate. thermoplastic polyim- 
ide, thermoplastic polyurethane. polyphenylene sulfide 
and polyvinyl alcohol. Among them, a polyolefin such as 
polyethylene or polypropylene is preferred in view of the 
moldability and the economical point. In particular, a 
polyolefin containing high molecular weight compo- 
nents is preferred, and a high density polyethylene con- 
taining an ultrahigh molecular weight high density 
polyethylene is particularty preferred in view of the 
strength and aimed miaopores to be formed. 

The thermoplastic resin foam in the present inven- 
tion incorporates fine cells therein and the ratio B/A 
between the cell size (A) and the wall thickness (B) of 
the cells is less than 0.5. preferably less than 0.3, more 
preferably less than 0.25. Further, the void ratio of the 
foam is not less than 50%, preferably, not less than 
70%, more preferably not less than 75%. Since the 
foam of the present invention has fine cells and thin 
walls, it causes flex deformation to result in depression 
of fine cells when stress exerts to the foam so as to 
cause plastic deformation, and thin walls themselves 
cause plastic deformation when a further stress exerts, 
to form micropores. If the ratio B/A between the size of 
the cells (A) and the wall thickness (B) of the cell is not 
less than 0.5, the cells are only deformed and enlarged, 
failing to obtain the aimed to microporous membrane of 
a fine structure. On the other hand, if the void ratio is 
less than about 50%. no satisfactory microporous mem- 
branes can be obtained as well. 

In this specification, "cell" means the minimum unit 
of the cell structure constituting a thermoplastic resin 
foam, which is a small individual space covered by 
walls. 

Each of the fine cells which constitute the thermo- 
plastic resin foam of the present invention does not sin- 
gly form a throughhole in the foam and preferably has 
such a size as not greater than 1/10 thickness of the 
foam. It is pretended that the diameter of the cell is from 
about 0.1 ^im to 10 jxm and the thickness of the cell wall 
is preferably from about 0.01 ^m to 10 ^im. 
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The thermoplastic resin foam having such fine cells 
can be formed by any of production methods, for exam- 
ple, by the following methods: 

(1) A method of forming a low density gel from the s 
thermoplastic resin in the form of a solution, by tem- 
perature change or phase conversion due to con- 
tact with a poor solvent. 

(2) A method of forming a foam by mixing a thermo- 
plastic resin with an organic decomposable foaming 
agent and decomposing the organic decomposable 
foaming agent by temperature change. 

(3) A method of physically introducing air, inert gas. 
low tx>iling point sut)stance or the like to a thermo- 
plastic resin in a molten state or in the form of a 
solution, growing the cells by pressure change 
upon extrusion of the resin and fixinjg them. 

(4) A method of sintering the powder of a thermo- 
plastic resin. 

The condition for the production of the foam is con- 
trolled in the production step such that the foam incor- 
porates fine cells at a ratio B/A between the cell size (A) 
and the wall thickness (B) of the cells of less than 0,5 
and the void ratio is not less than about 50 %. 

Among the methods described above, it is preferred 
that the foam of the present invention is formed by using 
the method (1) or (2) since relatively fine cells can be 
formed stably. 

According to the method (1), a gel-like product is 
formed by dissolving under heating a thermoplastic 
resin in an organic solvent, extruding the solution from a 
die followed by cooling, or by conversion of phase due 
to contact with a poor solvent. The solvent is removed 
from the gel-like product to form fine cells. A method of 
producing using a composition containing an ultrahigh 
molecular weight polyolefin is particularly preferred in 
view of the strength of the microporous membrane 
obtained. The production process using the polyolefin 
composition containing the ultrahigh molecular weight 
polyolefin includes the following method. 

The polyolefin is at first dissolved in a solvent under 
heating to prepare a solution. There is no particular 
restriction for the solvent so long as it can dissolve the 
polyolefin effectively. Examples of the solvent include 
aliphatic or cyclic hydrocaibons such as nonane, 
decane, undecane, dodecane and liquid paraffin or frac- 
tions of mineral oils having boiling points corresponding 
to them. Non-volatile solvent such as liquid paraffin is 
desirable for obtaining a stable gel-like product. 

Heat dissolution of the polyolefin is carried out 
under stirring at a temperature at which it is completely 
dissolved in the solvent. The temperature varies 
depending on the polymer and the solvent used and it 
generally ranges from about 140**C to 250**C in the case 
of polyethylene composition. The concentration of the 



polyolefin solution is from 10 % by weight to 50 % by 
weight, preferably from 10 % by weight to 40% by 
weight and most preferably from 15% to 35% by weight. 
When the concentration is less than 10% by weight, a 
large amount of a solvent has to be used uneconomi- 
cally. and swelling and neck-in are likely to take place at 
the exit of a die making it difficult to form a sheet in the 
sheet forming process. On the other hand, if the con- 
centration exceeds 50% by weight, it is difficult to pre- 
pare a homogeneoL^ solution. It is desirable to add an 
antioxidant to the solution to protect the polyolefin from 
oxidative degradation upon dissolution under heating. 

Subsequently, the polyolefin solution is extruded 
through the die and formed into a gel-like sheet by cool- 
ing. Usually, a sheet die having a rectangular orifice is 
used, but a double-walled cylindrical hollow die. an infla- 
tion die or the like may also be used. When the sheet die 
is used, a die gap is usually from 0.1 mm to 5 mm. and 
heated at 140°C - aSC'C in the exlrusion process. In this 
case, an extrusion speed is usually from 20 cm/min - 30 
cm/min to 2 m/min - 3 m/min. 

A solution thus extruded through the die is formed 
into a gel-like product by cooling. Cooling is preferably 
conducted at least to a gelation temperature or lower at 
a speed of about 50''C/minute or more. Generally, if the 
cooling speed is high, the crystallization degree of the 
resultant gel-like product is increased, and the size of 
pseudo-cell units which form the structure is decreased. 
On the contrary, if the cooling speed is low. rough cell 
units are formed. If the cooling speed is less than at^out 
50''C/min, the degree of crystallizatbn is increased, 
making it difficult to otMain a get-like product suitable to 
stretching. As the cooling method, a method of bringing 
the solution into direct contact with cold blow, cooling 
water or like other cooling medium, a method of bringing 
the solution into contact with a roll cooled by a cooling 
medium may be used. The solution extruded from the 
die may be drawn at a draw ratio of from 1 to 10. prefer- 
ably, from 1 to 5 before or during cooling. If the draw 
ratio is more than 10, neck-in is likely to take place, and 
the breakdown of the sheet upon stretching terKjs to 
occur undesirably. 

This method can produce a cell-enriched foam in 
which a resin forms sufficiently thin walls, the ratio B/A 
between the size of the cells (A) and the wall thickness 
(B) of the cell is less than 0.5 and the void ratio is not 
less than 50 %. 

In the method (2) of using the foaming agent, a 
decomposable foaming agent is used. As the example 
of the foaming agent. a2odicart>onamide, metal azodi- 
cartx>xylate. dinitrosopentamethylene tetramine. hydra- 
zodicarbonamide. p-toluene sulfonyl serrricarbazide, 
and s-trihydrazinotriazine can be mentioned. 

The addition amount of the foaming agent is gener- 
ally about from 0. 1 parts by weight to 10 parts by weight 
based on 1 00 parts by weight of the thermoplastic resin. 
A foaming aid or a cross-linking aid for controlling the 
cell size can optionally be added in order to control the 
decomposing behavior of the foaming agent The addi- 
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tion amount of the foaming aid or the cross-linking aid is 
generally from about 0.5 parts to 50 parts by weight 
based on 100 parts by weight of the thermoplastic resin. 

The method of forming cells by adding the foaming 
agent to the thermoplastic resin includes, for example, a 5 
method of heating the thermoplastic resin under pres- 
sure in a die to decompose the foaming agent and then 
reducing the pressure to expand the resin, a method of 
molding the thermoplastic resin in a die, taking it out 
and decomposing it by heating again to expand it. in io 
addition to the method of conducting extrusion at a die 
temperature not lower than the decomposing tempera- 
ture of the foaming agent. In order to maintain the shape 
of the cells in the thermoplastic resin foam, it is pre- 
ferred that the resin is subjected to cross-linking. The is 
method of cross-linking includes a method of using a 
chemical cross-linking agent such as an organic perox- 
ide and a method of irradiating radiation rays such as 
electron rays. 

The cells obtained according to each of the meth- 20 
ods described above can assume various forms 
depending on the forming methods and molding condi- 
tions, and may be any of a closed or opening type in 
which cells are independent of or connected with each 
other, or a mixture thereof, the closed type being partic- 25 
ularly preferred. 

The boundary of the cells may be in any of planar, 
columnar or fibrous shape, with the planar shape being 
particularly preferred. Further, the microstructure con- 
stituting the boundary of the cells may be any of a high so 
molecular lamella crystal or a stack thereof growing 
one-dimensionally either in a fibrous or columnar 
shape, growing two-dimensionally as a planar shape, or 
further growing three-dimensionally in a spherical 
shape. 35 

In the present invention, it is necessary to break the 
boundary of the cells of the foam. The boundary of the 
cells themselves are plastically deformed by exerting a 
tensile stress or a compression stress and then exerting 
a tensile stress on the foam at such an extent as 40 
exceeding the shape deformation of the cells. Specifi- 
cally, the foam is subjected to stretching or calendering, 
followed by predetermined stretching. Orientation is 
accomplished by an ordinary method such as a tenter 
method, a roll method, an inflation method, a calender- 45 
ing method or a combination thereof at a predetermined 
factor. 

In the method (1). stretching is carried out at least 
monoaxially, preferably, biaxially. Stretching may be 
applied either simultaneously or sequentially, with so 
simultaneous biaxial stretching being particularly desir- 
able. The stretching temperature is lower than the melt- 
ing point of the thermoplastic resin plus lO^C or. 
preferably, ranges from the crystalline dispersion tem- 
perature to lower than the crystalline melting point. In a ss 
case of polyethylene, for example, it is from 90 ""C to 
140**C. preferably, from 100 ^'C to ISO^'C. If the stretch- 
ing temperature is higher than the melting point plus 
1 0^'C, the molecular chain orientation by stretching does 



not take place because the resin melts. If the stretching 
temperature is lower than the crystal dispersion temper- 
ature, the membrane tends to break during stretching 
on account of the insufficient softening of the resin, and 
cannot be stretched at a high draw ratio. 

The draw ratio varies depending on the thickness of 
the original foam. The linear draw ratio in one axial 
direction is greater than twice, preferably 3 times to 30 
times, and the areal draw ratio is greater than 10 times, 
preferably 20 times to 400 times. With an areal draw 
ratio smaller than 10 times, the resulting microporous 
membrane lacks high modulus and high strength on 
account of insufficient stretching. On the other hand, 
with an areal draw ratio in excess of 400 times, difficul- 
ties exist in the stretching device and operation. 

Fibrillation is taken place in the boundary of cells on 
account of plastic deformation by this stretching treat- 
ment, resulting in micropores having effective permea- 
bility 

The thus obtained product is washed with a solvent 
to remove the residual resin solvent medium. The sol- 
vent usable for the washing may be a highly volatile sol- 
vent including hydrocarbons such as pentane, hexane 
and heptane, chlorinated hydrocarbons such as methyl- 
ene chloride and carbon tetrachloride, fluorinated 
hydrocarbons such as trif luoroethane, and ethers such 
as diethyl ether and dioxane. The solvents may be used 
individually or in combination, being selected depending 
on the type of the solvent used to dissolve the polyole- 
f in. The washing method includes an extraction method 
by immersing the product with a solvent for extraction, a 
method of spraying a solvent, or a combination thereof. 

In the method (2), a multi-stage stretching method 
is preferred in which stretching is carried out at high 
temperature after cold stretching. The cold stretching is 
preferably carried out at a tenrperature of -100**C or 
lower at a draw ratio of 1.1 times to 2 times, which 
causes breakage along inner voids such as crazing or 
shearing bands. Liquid nitrogen or the like can be used 
as the cooling medium. 

Subsequently, the product is preferably subjected to 
a heat treatment at a temperature ranging from a crystal 
relaxation temperature (90°C in the case of polyethyl- 
ene) to the melting point minus lO^C, then stretched at 
a draw ratio of from 1 .5 times to 5 times at the same 
temperature range, and further, subjected to heat treat- 
ment at the same temperature range. 

Expansion of microporous breakage formed by the 
cold stretching is taken place by the stretching treat- 
ment, which can form micropores having effective per- 
meability. 

The thickness of thus obtained microporous mem- 
brane of the present invention is from 2 pm to 200 iim, 
preferably, from 5 ^m to 50 ^m. 

In the present invention, a molded product having 
fine cells in a thermoplastic resin is formed, and sub- 
jected to plastic deformation for the boundaries of the 
cells themselves at such an extent as exceeding the 
shape deformation of the cells to break the boundaries 
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of the cells thereby producing a microporous mem- 
brane. The microporous membrane thus formed has 
excellent permeability and appropriate strength without 
containing stress concentrat ors. 



ture at the boundary of the cells comprised lamellas 
stacked in the direction of the thickness, which grew two 
dimensionally in a planar shape. 

Subsequently, the gel-like sheet was subjected to 



The reason why such an effect can be obtained is 
not always apparent, but it is supposed deformation 
stresses tend to concentrate on the boundaries of the 
cells by using cells as a starting structure, tending to 
cause finer fibrillation thereby forming micropores. 

The present invention will be explained by the fol- 
lowing examples. The test methods used in the exam- 
ples are as follows: 

(1) Membrane thickness: Measured for a cross sec- 
tion by a scanning electron microscope. 

(2) Tensile break strength: Measured according to 
ASTM D882. 

(3) Air permeability: Measured according to J IS 
P8117. 

(4) Void ratio: Measured by gravimetric method 
(unit %) 

(5) Porosity: Measured by gravimetric method (unit: 
%) 

Example 1 

A mixed Iqud of a polyethylene composition was 
prepared by rmxing a resin material (Mw/Mn=18.2) con- 
sisting of 3 parts by weight of ultra high molecular 
weight polyethylene (UHMWPE) having a weight aver- 
age molecular weight (Mw) of 2.5 x 10® and 14 parts by 
weight of polyethylene (PE) having a weight average 
molecular wei^ (Mw) of 6.8 x 10^ with 83 parts by 
weight of liquid parattin (Kinematic Viscosity;64 cSt/40° 
), Then. 0.375 parts by weight of an antioxidant was 
added to and mixed with 100 parts by weight of the 
mixed liquid. The mixed liquid was filled into an auto- 
clave equipped with a stirrer and stirred for 90 min. at 
200 ^'C to obtain a homogeneous solution. 

The solution was extruded from an extruder of 45 
mm in diameter through a T-die at 200 ""C. brought into 
contact with a cooling roll at 20 ''C to form a get-like 
sheet of 1 .8 mm thickness. 

The gel-like sheet was washed again with p-xylene 
after washing witU n-hexane, and subjected to a freeze- 
dry treatment. The cross section of the sheet was 
observed by a scanning electron microscope to find that 
open foams with polyethylene composition constituting 
the boundary of the cells were formed. The size of the 
cells (A) was 1 .81 pm. the wall thickness (B) of the ceil 
was 0.18 Jim. the ratio B/A was 0.099 and the void ratio 
was 83%. 

When an ultra-thin slice of a sample embedded in 
an epoxy resin was observed by using a transmission 
electron microscope, it was found that the microstruc- 



5 biaxial stretching simultaneously at 5 times x 5 times at 
a temperature of 1 15°C and at a draw speed of 5 m/min. 
The resultant stretched membrane was washed with 
methylene chloride to extract and remove residual liquid 
paraffin, and then dried and heat set to ok>tain a fine pol- 

10 yethylene porous membrane of 25 jim thickness. The 
fine polyethylene porous membrane had an air permea- 
bility of 570 s/100 ml, a porosity of 45% and a tensile 
strength at break of 1 120 Kg/cm^. When the surface of 
the membrane was observed by using a scanning elec- 

15 tron microscope, it was found that fine interconnected 
porous structure was formed on account of connection 
of the fine f itxous products. 



20 



Example 2 



A 100 pm-thick sheet was prepared by adding 5 
parts by weight of azodicartx>namide (manufactured by 
Eiwa Chemical Co,.) as a foaming agent. 1.0 part by 
weight of trimethylol propane trimethacrylate as a 

25 cross-linking aid. (manufactured by Shin Nakamura 
Chemical Co..) and 1 .0 part by weight of an antioxidant 
based on 100 parts by weight of a resin component pre- 
pared by blending 90 parts by weight of a high density 
polyethylene (HOPE) having a density of 0.955 g/cm^ 

30 and a melt index (MI. 190°C, under a load of 2.16 Kg) of 
9g/10min. and 10 parts by weight of polybutene-1 (PB- 
1) (M8340, manufactured by Mitsui Petrochemical 
Industries Ltd.) having a melt index (Ml. 190*»C, under 
load of 2.16 kg) of 4g/10min. mixing them for 2 mins. at 

35 30**C at 500 rpm by using a Henschel mixer, then feed- 
ing them into an extruder of 50 mm 0. length/diameter 
(UO) = 28 equipped with a T-die and extruding the sheet 
at an extrusion temperature of 150'C. 

Then, the sheet was cross-linked by irradiation of 

40 electron rays of 750 KV at a dose rate of 8Mrad. Then, 
the sheet was placed in an air oven at 250''C for 1 .0 min 
to decompose the foaming agent and cause to blow by 
atKJut 5 times. The sheet had an apparent density after 
blowing of 0.19 g/cm^. 

45 When the cross section of the sheet was observed 
by using a scanning electron microscope, it was found 
that closed foams in which the high molecular composi- 
tion constituted boundary of the cells were formed. 
When an ultra-thin slice of a sample embedded in an 

so epoxy resin was observed by using a transmission elec- 
tron microscope, it was found that the boundary of the 
cells comprised spherical crystals of microstructure. 
The sheet had a cell size (A) of 28.2 pm. the wall thick- 
ness (B) of a cell of 3.31 ^m, a ratio B/A of 0.1 17 and a 

55 void ratio of 80. 1%. 

Then, the sheet was subjected to a monoaxial 
stretching treatment at 1.5 times in liquid nitrogen in 
order to form crazing in the cell wall, and subjected to a 
heat treatment again at 1 10**C for 15 mins. Further, the 
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stretched sheet was subjected to monoaxial stretching 
by twice, and subjected to heat treatment at an identical 
temperature for 15 min. to obtain a microporous poly- 
ethylene membrane of 1 50 ^m thickness. \Nhen the sur- 
face was observed by a scanning-type electron 
microscope , it was found that a pore interconnected 
structure was formed on account of connection of 
fibrous products with each other. 

The microporous polyethylene membrane had an 
air permeability of 970 s/100 ml. a porosity of 79% and 
a tensile strength at break of 125 kg/cm^. 

Comparative Example 1 

A sheet-like product was prepared by feeding 60 
parts by weight of high density polyethylene (HOPE) 
(density: 0.955 g/cm^, Ml: 0.1 g/10 min).40 parts by 
weight of calcium carbonate having an average grain 
size of 0.05 ^im, and 0.1 part by weight of a fluorosur- 
factant into an extruder of 50 mm in diameter and at UD 
= 28 , equipped with a T-die by using a Henschel mixer, 
and extruding them at 200°C. When the product was 
observed by a scanning electron microscope, it was 
found that the dispersibility was poor. The sheet was 
sequentially subjected to a biaxial stretching treatment 
in the machine direction by three times at 1 10*^0 and in 
transverse direction by twice at 120**C to form a micro- 
porous membrane with resultant pin holes. When the 
surface of the sheet-like product was observed by a 
scanning electron microscope, it was found that crack- 
tike voids were formed inhomogeneously at the Inter- 
face with calcium carbonate which propagated locally in 
a large area to fonn pin holes. 

Comparative Example 2 

The sheet obtained in Comparative Example 1 was 
subjected to an acid-treatment to remove calcium car- 
bonate. When the cross section of the sheet was 
observed by a scanning electron microscope, dispersi- 
bility of cells was poor, in which the cell size (A) was 
0.05 iim, the wall thickness (B) of the cells was 0.029 
nm, the ratio B/A was 0.58 and the void ratio was 40%. 
The sheet-like product was subjected to sequentially 
biaxial stretching in machine direction by twice at 
1 lO'^C. and in transverse direction by 1 .5 times at 120''C 
to form a microporous membrane with resultant pin 
holes. When the surface of the sheet was observed by 
using a scanning electron microscope, it was found that 
pores were increased inhomogeneously and large 
cracks were formed locally to form pin holes. 

As described above specifically, the microporous 
membrane of the present invention is formed by break- 
ing the boundaries of cell due to plastic deformation of 
fine cells without filling stress concentrators, in which 
fine cells are dispersed uniformly, and which has excel- 
lent permeability and appropriate strength with no 
effects of fillers. 

Accordingly the microporous mentbrane is suitable 



to various application uses such as battery separators, 
electrolytic capacitor separators, miao-filtration mem- 
branes, ultrafiltration membranes, various filters, mois- 
ture-permeable and waterproof clothes. 

5 

Claims 

1. A method of producing a microporous thermoplas- 
tic resin membrane, comprising subjecting a ther- 

10 moplastic resin foam incorporating microfine cells 
having a ratio B/A between the cell size (A) and the 
wall thickness (B) of the cells of less than 0.5 and 
having a void ratio of not less than 50 % to plastic 
deformation for the boundaries of said celts to 

75 deform the cells, and breaking the boundaries of 
the cells. 

2. The method of producing a resin membrane as 
defined in claim 1 , wherein the ratio B/A between 

20 the cell size (A) and the wall thickness (B) of the 
celts is less than 0.3 and the void ratio is not less 
than 70%. 

3. The method of producing a microporous thermo- 
25 plastic resin membrane as defined in claim 1 or 2, 

wherein the thermoplastic resin foam is obtained by 
cooling a solution of the thermoplastic resin into a 
low density gel. 

30 4. The method of producing a microporous thermo- 
plastic resin membrane as defined in claim 1 or 2, 
wherein the thermoplastic resin foam is obtained by 
mixing the thermoplastic resin with an organic 
decomposable foaming agent and then decompos- 

35 ing to blow the organic foaming agent by tempera- 
ture change. 

5. The method of producing a microporous thermo- 
plastic resin membrane as defined in anyone of 

40 Claims 1 to 4, wherein the thermoplastic resin foam 
contains a high density polyethylene. 

6. The method of producing a microporous thermo- 
plastic membrane as def ined in anyone of claims 1 

45 to 5. wherein the plastic deformation is carried out 
by stretching or calendering, followed by predeter- 
mined stretching. 

7. The microporous thermoplastic resin membrane 
50 obtained by the production method of anyone of 

claims 1 to 6. 
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